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THIN FILM TRANSISTOR STRUCTURE WITH 
INSULATING MASK 

This is a continuation of application Ser. No. 
07/618,015, ?led Nov. 26, 1990, which is a continuation 
of Ser. No. 07/452,854 ?led Dec. 19, 1989, both now 
abandoned. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the ?eld of elec 
tronic devices and more speci?cally to a novel transis 
tor and method for forming the same. 

BACKGROUND OF THE INVENTION 

The ?eld effect transistor forms the building block of 
many modern digital integrated electronic devices. In 
order to increase the active device density of electronic 
devices, thin ?lm transistors have been developed 
which provide adequate transfer characteristics but do 
not require the use of bulk single~crystal semiconductor 
material. A thin ?lm ?eld effect transistor may use poly 
crystalline, amorphous or partially recrystallized semi 
conductor material comprising its channel. 
An important characteristic of a ?eld effect transistor 

is the depth of the channel region. Accordingly, the 
depth of the layer of semiconductor material forming 
the channel of a thin ?lm transistor is extremely shal 
low. Depending upon the operational characteristics 
required of the particular device, the channel region is 
typically on the order of 100 to 2000 angstroms in 
depth. Because of this shallow nature of the channel 
layer, contacting the channel layer at the source and 
drain regions is extremely dif?cult. An etching process 
is required to open windows to the source and drain 
regions in order to make these contacts. These etching 
processes can very easily etch completely through the 
channel layer because of its shallow nature dramatically 
affecting the operational characteristics of the transis 
tor. 

A further requirement of conventional ?eld effect 
transistors is that the resistances associated with the 
contacts to the source and drain regions of the transistor 
must be appropriately controlled. A common method 
for reducing the contact resistance of the source and 
drain regions is the formation of a silicide layer on the 
source and drain regions. In the context of a thin ?lm 
transfer, any attempt to form a silicide layer on the 
source and drain region of a channel layer of a thin ?lm 
device would also erode the channel layer as the forma 
tion of a silicide layer necessarily consumes the semi 
conductor material on which it is formed. 

Accordingly, a need has arisen for a thin ?lm transis 
tor architecture which provides for ef?cient contact to 
the source and drain regions of the channel layer. A 
further need has arisen for a thin ?lm transistor archi 
tecture which allows for the formation of a silicide layer 
in contact with the source and drain regions in order to 
reduce the contact resistances associated with the tran 
sistor without eroding the thin ?lm of material used to 
form the channel of the transistor. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a thin ?lm 
transistor is provided which substantially eliminates or 
reduces disadvantages and problems associated with 
prior art thin ?lm transistor architectures. More speci? 
cally, the present invention discloses a thin ?lm transis 
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2 
tor architecture which includes a channel layer having 
spaced apart source and drain regions. Conductive bod 
ies are formed in contact with the source and drain 
regions of the channel layer to protect the source and 
drain regions. Electric contacts are then formed cou 
pled to the conductive bodies. 
An important technical advantage of the transistor of 

the present invention inheres in the fact that the con 
ductive bodies provide points at which the source and 
drain regions of the transistor may be contacted while 
preventing erosion of the thin channel layer. 
A further technical advantage of the transistor of the 

present invention is that the conductive bodies provide 
material from which a silicide layer may be formed. 
These silicided layers reduce the contact resistance and 
are formed consuming the material in the conductive 
bodies alleviating the risk of consuming the thin channel 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present inven 
tion may be acquired by referring to the detailed de 
scription and claims when considered in connection 
with the accompanied drawings in which like reference 
numbers indicate like features, and wherein: 
FIGS. 10 through 12 are cross-sectional elevational 

diagrams which illustrate method of constructing the 
thin ?lm transistor of the present invention; and 
FIG. 2 is a greatly enlarged cross-sectional eleva 

tional diagram which illustrates an intermediate step 
used in a particular embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIGS. 10 through la a process is illus 
trated for forming a thin ?lm ?eld effect transistor ac 
cording to the teachings of the present invention. It 
should be understood that the thin ?lm transistor of the 
present invention enjoys the important technical advan 
tage of most thin ?lm transistors in that it can be used in 
a variety of device contexts. Speci?cally, thin ?lm tran 
sistors do not require the use of single crystalline semi 
conductor material and therefore can be formed essen 
tially at any level of a complex three-dimensional semi 
conductor device. The process illustrated by FIGS. la 
through 1e is intended to illustrate a generic process 
shown solely for the purposes of teaching the present 
invention. For example, while the process illustrated in 
FIGS. 1a through 1e illustrate the formation of a transis 
tor in close proximity to a substrate, the teachings of the 
present invention are equally applicable to the construc 
tion of a transistor in an intermediate or outer level of a 
stacked device con?guration where no element of the 
transistor architecture is proximate to the substrate. It 
will be understood by those skilled in the art that the 
process illustrated in FIGS. 1a through 1e may be ap 
plied in a variety of contexts while still enjoying the 
important technical advantages of the transistor archi 
tecture of the present invention. 

Referring to FIG. 1a, a semiconductor substrate 10 
comprises an outer surface 12. A junction isolated gate 
conductor region 14 is formed in the outer surface 12 of 
semiconductor substrate 10. Gate conductor region 14 
may be formed according to well known methods by 
the implantation of a suf?cient number of ions to render 
the region 14 conductive. For example, if substrate 10 is 
a N type substrate, a suf?cient implantation of boron 
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ions will render region 14 conductive. Conversely, if 
substrate 10 is a P type substrate, a sufficient implanta 
tion of phosphorous ions will render region 14 conduc 
tive. 
The cross-section shown in FIG. 1a divides gate 

conductor region 14 in a longitudinal direction. Region 
14 is intended to be used as a gate conductor to actuate 
the thin ?lm transistor of the present invention and 
therefore, according to the embodiment illustrated in 
FIGS. 10 through 1e, should be an elongate region 
formed in substrate 10. It should be understood that the 
only requirement of gate conductor region 14 is that it 
must be proximate the channel region to be formed. A 
variety of other equivalent con?gurations could be used 
and the presentation of the present embodiment should 
not be construed to limit the scope of the present inven 
tion to only one embodiment. Further, although region 
14 will be illustrated in FIGS. 1a through 1e as a buried 
structure, it will be understood by those skilled in the 
art that suitable electric contacts may be made along the 
length of the region 14 for the operation of the transis 
tor of the present invention. 

Referring to FIG. 1b, a gate insulator layer 16 is 
formed on outer surface 12 of gate conductor region 14 
formed in semiconductor substrate 10. Gate insulator 
layer 16 may be grown or deposited according to well 
known methods to a depth on the order of 200 ang 
stroms thick and may comprise, for example, an oxide 
material such as silicon dioxide. A channel layer 18 is 
then formed outwardly from gate insulator layer 16 by 
depositing a layer of semiconductor material on gate 
insulator layer 16. Channel layer 18 may comprise, for 
example, polycrystalline, amorphous, partially recrys 
tallized or recrystallized semiconductor material. Chan 
nel layer 18 is used to form the channel of the thin ?lm 
transistor of the present invention and may be on the 
order of 200 to 2,000 angstroms in thickness, depending 
on the required device characteristics of the particular 
transistor to be formed. 

Referring to FIG. Is, an insulator layer which may 
comprise, for example, an oxide material such as silicon 
dioxide, is deposited or grown, patterned and etched 
according to well known photolithographic methods to 
form ?eld insulator layers 20 and mask body 22. Field 
insulator layers 20 may or may not be formed in an 
actual fabrication process. Only mask body 22 must be 
present according to the method of the present inven 
tion. At this point in the process, suitable ions may be 
implanted according to well known methods through 
an outer surface 24 of channel layer 18 to form doped 
source region 26 and doped drain region 28 in channel 
layer 18. Source region 26 and drain region 28 are 
formed adjacent mask body 22 such that they de?ne 
between themselves a channel region 30 in channel 
layer 18. Channel region 30 is actuated and rendered 
conductive by a voltage being placed on gate conductor 
region 14 which functions as the gate of the thin ?lm 
transistor of the present embodiment. It should be un 
derstood that the identification of source region 26 and 
drain region 28 as such are solely for convenience in the 
teaching of the present invention. Where appropriate, 
the transistor of the present invention may be con— 
structed as an electrically symmetrical device allowing 
current flow in either direction. 

Referring to FIG. 1c, several possible problems asso 
ciated with prior art thin ?lm transistors are readily 
apparent. Contacts must be made to source region 26 
and drain region 28. Due to the extremely thin nature of 
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4 
channel layer 18, forming the contacts to regions 26 and 
28 would be an extremely delicate process. The pattern 
ing and etching processes necessary to open contacts 
holes to source region 26 and drain region 28 could 
easily erode through regions 26 and 28. Further, in 
order to reduce the contact resistance at the source 
region 26 and drain region 28, silicide layers may be 
optionally formed on the outer surfaces of source and 
drain regions. However, due to the extremely thin na 
ture of channel layer 18, any attempt to form a silicide 
layer on the source region 26 and drain region 28 could 
consume these regions during the process. 

Referring to FIG. 10', the solution to these problems 
according to the teaching of the present invention is 
illustrated. Conductive bodies 32 and 34 are formed 
outwardly from and in contact with source region 26 
and drain region 28, respectively. Conductive bodies 32 
and 34 are formed as shown in FIG. 1d between ?eld 
insulator layer 20 and oxide mask body 22. Conductive 
bodies 32 and 34 may be formed of a variety of materials 
and may be formed by a variety of methods known in 
the art. For example, conductive bodies 32 and 34 may 
be formed by selective epitaxial growth of semiconduc 
tor material over source region 26 and drain region 28. 
The semiconductor material grown through this selec 
tive epitaxy process can be implanted with a suitable 
concentration of ions according to well known methods 
such that the epitaxial material is rendered electrically 
conductive. In the alternative, conductive bodies 32 and 
34 may be formed by selective deposition of metal. 
Further, conductive bodies 32 and 34 may be formed of 
polycrystalline or amorphous semiconductor material 
which has been doped with a suitable concentration of 
impurities to be rendered conductive using a process 
which will be discussed in more detail with reference to 
FIG. 2. Additionally, the implantation process used to 
form source region 26 and drain region 28 may occur 
following the formation of conductive bodies 32 and 34. 
Conductive bodies 32 and 34 provide the transistor 

architecture of the present invention several important 
technical advantages. First, conductive bodies 32 and 
34 provide the necessary leeway for the process 'of 
contacting source and drain regions 26 and 28 of the 
transistor of the present invention as will be shown in 
FIG. 1e. Secondly, as shown in FIG. 1e, conductive 
bodies 32 and 34 provide material for the formation of 
silicide layers 36 and 38 which reduce or eliminate the 
problems associated with contact resistances for the 
transistor of the present invention if conductive bodies 
32 and 34 comprise silicon. Silicide layers 36 and 38 may 
be formed in contact with conductive bodies 32 and 34 
respectively comprising, for example, titanium disilicide 
according to well known self-aligned siliciding pro 
cesses. 

Referring to FIG. 12, an isolation insulator layer is 
conformally deposited covering the entirety of the tran 
sistor architecture of the present invention. Isolation 
insulator 40 may comprise, for example, conformally 
deposited silicon dioxide. The outer surface of isolation 
insulator layer 40 is then patterned and etched using 
well known photolithographic techniques to form 
openings exposing the outer surfaces of silicide layers 36 
and 38. A source contact 42 and a drain contact 44 are 
then formed respectfully within each of these openings 
using known photolithographic techniques to provide 
an electrical contact to source region 26 and drain re 
gion 28, respectfully. Source contact 42 and drain 
contact 44 may comprise, for example, a suitable con 
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ductor such as aluminum, or polycrystalline or amor 
phous semiconductor material doped so as to be ren 
dered conductive. 
FIG. 2 is a greatly enlarged cross-sectional eleva 

‘tional diagram which illustrates a particular process 
step which may be used to form conductive bodies 32 
and 34 in the method illustrated in FIGS. 1a through 1e. 
FIG. 2 illustrates process step which occurs between 
FIG. 10 and FIG. 1d. Accordingly, following the op 
tional implantation step discussed with reference to 
FIG. 1c used to form source region 26 and drain region 
28, a layer 46 of polycrystalline or amorphous semicon 
ductor material is conformally deposited over the en 
tirety of the structure as shown in FIG. 2. Layer 46 may 
be in situ doped or may be doped after deposition such 
that it contains a suitable concentration of impurities 
such that it is rendered conductive. Following the con 
formal deposition of layer 46, a planar resist layer 48 is 
deposited such that an outer surface 50 of planar resist 
layer 48 is planarized. The resist layer 48 and the entire 
structure may be then placed in an etchant which is 
selective to oxide. This etching process anisotropically 
erodes the planar resist layer 50 and the portions of 
layer 46 disposed outwardly from ?eld oxide layers 20 
and oxide mask layer 22 until conductive bodies 32 and 
34 remain as shown in FIG. 1d. Source region 26 and 
drain region 28 may then be implanted if these regions 
were not formed prior to the formation of conductive 
bodies 32 and 34. 
As discussed previously, the process step illustrated 

by FIG: 2 comprises merely one method by which 
conductive bodies 32 and 34 might be formed. The 
discussion of selective epitaxial growth and selective 
metal deposition of conductive bodies 32 and 34 as well 
as the process illustrated by FIG. 2 should not be con 
strued to limit the scope of the present invention to any 
particular method used to construct conductive bodies 
32 and 34. A variety of other methods could be applied 
to form conductive bodies 32 and 34 depending upon 
the particular circumstances and device context. The 
present invention is not intended to be limited to any of 
these methods, but is solely limited by the scope and 
spirit of the appended claims. ' 

Further, as discussed previously, the environment of 
the thin ?lm transistor of the present invention illus 
trated in FIG. leis described solely for the purposes of 
teaching the present invention. It is an important techni 
cal advantage of thin ?lm transistors that they may be 
applied in a variety of device contexts. The architecture 
described with reference to FIG. 1e comprises the con 
stituent components of a thin ?lm transistor of the pres 
ent invention in merely one potential device context. 
For example, the device described with reference to 
FIG. leis a bottom-gated thin ?lm device with the gate 
conductor 14 formed as a diffused region within a sub 
strate 10. However, the teachings of the present inven 
tion are equally applicable to a thin ?lm transistor archi 
tecture where the gate conductor is a conductive layer 
other than a diffused region within a substrate. This 
architecture could, for example, exist where the thin 
?lm transistor of the present invention is formed in a 
layer which is stacked outwardly from other active 
layers in an integrated device in order to capitalize on 
the technical advantage of thin ?lm transistors in that 
they do not require the use of bulk single'crystal semi 
conductor material. 

Inv operation, the ?eld effect transistor illustrated in 
FlG. la is actuated by placing a voltage on gate conduc 
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6 
tor region 14. This voltage renders channel region 30 
conductive and allows current to pass between source 
region 26 and drain region 28. A conduction path is thus 
formed from source contact 42 through silicide layer 6 
into conductive body 32 through source region 26 
through channel region 30 and drain region 28 through 
conductive body 34 and silicide layer 38 and exiting the 
device through drain contact 44. 
Although the present invention has been described in 

detail with reference to the particular embodiment illus» 
trated in the architecture of FIG. 1e, it should be under 
stood that various changes, substitutions and alterations 
may be made hereto without departing from the spirit 
and scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 
1. A transistor, comprising: 
a gate conductor; 
a channel layer insulatively disposed adjacent said 

gate conductor; 
an insulative mask body disposed over a portion of 

said channel layer; 
a ?rst source/drain region formed in said channel 

layer and self-aligned to said insulative mask body; 
a second source/drain region formed in said channel 

layer and self-aligned to said insulative mask body, 
said second source/drain region spaced apart from 
said ?rst source/drain region so as to de?ne a chan 
nel region between said ?rst and second source/ 
drain regions, said gate conductor operable to elec 
trically actuate said channel region; 

a ?rst conductive body adjacent and electrically cou 
pled to said ?rst source/drain region protecting the 
?rst source/drain region, the extent of said ?rst 
conductive body de?ned by said insulative mask 
body; 

a ?rst insulating region adjacent said ?rst conductive 
body; and 

a ?rst electric contact passing through said insulating 
region and adjacent and electrically coupled to said 
?rst conductive body. 

2. The transistor claim 1 and further comprising: 
a second conductive body adjacent and electrically 

coupled to said second source/drain region pro 
tecting said second source/drain region, the extent 
of said second conductive body de?ned by said 
insulative mask body; 

a second insulating region adjacent said second con 
ductive body; and v 

a second electric contact passing through said insulat 
ing region and adjacent and electrically coupled to 
said second conductive body. 

3. The transistor of claim 2 and further comprising: 
a ?rst silicide layer disposed between said ?rst elec 

tric contact and said ?rst conductive body; and 
a second silicide layer disposed between said second 

electric contact and said second conductive body. 
4. The transistor of claim 1 and further comprising a 

semiconductor substrate, wherein said gate conductor 
comprises a doped region disposed in said semiconduc 
tor substrate and wherein said channel layer is insula~ 
tively disposed outwardly from said substrate and said 
?rst conductive body is disposed outwardly from said 
channel layer. 

5. The transistor of claim 1 and further comprising a 
gate insulator layer disposed between said gate conduc 
tor and said channel layer. 
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6. The transistor of claim 1 wherein said gate conduc 
tor comprises a second conductive body disposed out 
wardly from a surface of a substrate, said channel layer 
being disposed outwardly from said second conductive 
body and said ?rst conductive body disposed outwardly 
from said channel layer. ‘ 

7. The transistor of claim 1 wherein said channel 
layer comprises polycrystalline semiconductor mate 
rial. 

8. The transistor of claim 1 wherein said channel 
layer comprises amorphous semiconductor material. 

9. The transistor of claim 1 wherein said channel 
layer comprises partially recrystallized semiconductor 
material. 

10. The transistor of claim 1 wherein said channel 
layer comprises recrystallized semiconductor material. 

11. A transistor formed on a substrate surface, com 
prising: 

a gate conductor adjacent the substrate surface; 
a gate insulator layer vadjoining and disposed out 
wardly from said gate conductor; 

a channel layer adjoining and outwardly disposed 
from said gate insulator layer; 

an insulative mask body disposed outwardly from and 
adjoining a portion of said channel layer; 

a source region formed in said channel layer and 
self-aligned to said insulative mask body; 

a drain region formed in said channel layer and self 
aligned to said insulative mask body, said drain 
region spaced apart from said source region to 
de?ne a channel region in said channel layer be 
tween said source and drain regions, said gate con 
ductor operable to electrically actuate said channel 
region; 

a ?rst conductive body disposed outwardly from and 
adjoining said source region protecting said source 
region, the extent of said ?rst conductive body 
de?ned by said insulative mask body; 

a second conductive body disposed outwardly from 
and adjoining said drain region protecting said 
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8 
drain region, the extent of said second conductive 
body de?ned by said insulative mask body; 

an insulating region adjacent said ?rst and second 
conductive bodies; 

a ?rst electric contact passing through said insulating 
region and electrically coupled to and disposed 
outwardly from said ?rst conductive body; and 

a second electric contact passing through said insulat 
ing region and electrically coupled to and disposed 
outwardly from said second conductive body. 

12. The transistor of claim 11 wherein said channel 
layer comprises polycrystalline semiconductor mate 
rial. 

13. The transistor of claim 11 wherein said channel 
layer comprises amorphous semiconductor material. 

14. The transistor of claim 11 wherein said channel 
layer comprises partially recrystallized semiconductor 
material. 

15. The transistor of claim 11 wherein said channel 
layer comprises recrystallized semiconductor material. 

16. The transistor of claim 11 wherein said gate con 
ductor comprises a region of the substrate surface ren 
dered conductive through the introduction of impuri 
ties into said region. 

17. The transistor of claim 16 wherein said gate con 
ductor comprises a third conductive body disposed 
outwardly from the substrate surface. 

18. The transistor of claim 16 wherein said third con 
ductive body comprises a material selected from the 
group consisting of metal, polycrystalline semiconduc 
tor material, amorphous semiconductor material, single 
crystal semiconductor material, and a combination 
thereof. 

19. The transistor of claim 11 and further comprising: 
a ?rst silicide layer disposed between said ?rst elec 

tric contact and said ?rst conductive body; and 
a second silicide layer disposed between said second 

electric contact and said second conductive body. 
i ‘ $ $ $ 


